Abstract: In the scope of the move towards the implementantion of market mechanisms, new tariffs schemes are necessary in order to remunerate the transmission service. Several tariffs in use include marginal based terms that, however, may be very dependent on load levels or load uncertainties. In this paper we present a fuzzy set based approach to deal with load uncertainties in order to compute local marginal prices. This approach is based on a DC Fuzzy Optimal Power Flow algorithm integrating an estimate of active losses. This algorithm is finally integrated in a Monte Carlo simulation tool in order to obtain estimates of average nodal prices considering component outages.
INTRODUCTION
The access to the transmission network is a crucial issue to be guaranteed in order to create and develop market mechanisms in the electric industry. The access to the transmission network shall be regulated by clear and transparent rules and must be accompanied by fair and well balanced tariff mechanisms. The literature on this area already includes several references to tariff methods of the transmission service. For instance, in [ 11 and [2] Maragon Lima and Shirmohammadi et a1 present a detailed description of several methods to remunerate the use of the transmission network. including short and long term marginal costs. In [3] algorithms to compute local marginal prices are described. However, the marginal approach has some drawbacks since short term local marginal prices are very dependent on the load level and on the availability of system components and they do not take into account investments costs.
LOCAL FUZZY MARGINAL PRICES ALGORITHM
In the paper, we investigate the effect of load uncertainties in local marginal prices. For that, we use fuzzy models to represent the uncertainties affecting system loads since they allow us to treat in a systematic and efficient way this type of data. The developed approach admits that loads are represented by trapezoidal fuzzy numbers that are used to run a Fuzzy Optimal Power Flow -FOPF -simulation. The FOPF formulation adopted in this paper corresponds to an enhanced version of the one described in [4] since it computes an approximation of active losses and it allows the calculation of spot prices. The basic steps of the FOPF algorithm include: a crisp DC OPF exercise for a scenario of system loads extracted from the corresponding fuzzy models. At the end of this run, branch losses are computed and half of the value in each branch is added to each extreme bus. These refreshed load values are used to run a new DC OPF. problem that at the end allows us, once again, to compute branch losses. At the end we obtain the corresponding nodal marginal prices using. the integration of a parameter to represent the uncertainty affecting each load. These parameters lead us to a multiparametric optimization problem. For some combinations of the values of these parameters the optimal and feasible basis identified in i) will be no longer feasible; iii) according to a number of rules detailed in [4] we identify vertices of the hyper-volume enclosing all possible load values. Some of them will be feasible and others non-feasible meaning that, for some of them, the optimal and feasible basis identified in i) remains feasible while for others it will be unfeasible; iv) for those vertices we will perform a set of parametric studies departing at the load scenario used in i) k d attempting to reach the load combination associated to the vertex under analysis. For each vertex one gets partial membership functions for generation, branch flows and power not supplied. The partial membership functions obtained from each parametric study referred in iv) will be aggregated using the fuzzy union operator; using these results one can also build the membership function of nodal marginal prices. For that, one should notice that the spot prices computed for the crisp DC OPF study correspond to the first set of partial results used to build their membership functions and are assigned a 1.0 membership degree. According to the FOPF algorithm, for each identified vertex one has to run a parametric linear programming study. Since feasibility may be lost during these studies, this generally requires a number of iterations of the dual simplex method thus leading to changes on the values of dual variables. Once such a change occurs, spot prices vary leading to a new set of partial results. The fuzzy union operator will be finally used to aggregate all these results.
HI. RESUlTS
The paper includes a section presenting results obtained with a case study based on the IEEE Reliability Test System to illustrate the application of the developed algorithm and the use and interest of the results.
